Interpretation von Notfall-Pathologien mit der zerebralen Computertomografie (CT) durch Medizinstudenten.
Introduction
Besides classic teacher-based lectures, the broad availability of computer technologies and the internet have led to increased implementation of e-learning, and especially case-based e-learning modules in medical education [1, 2] . This trend also affects education in radiology, which is known to be under-represented in many medical curricula [3] . Thus, e-learning might offer the potential to close this deficiency gap. Until recently, e-learning benefits could be shown for different radiology skills, like breast imaging [4, 5] , chest X-ray interpretation [6] , and ultrasound [7] . However, e-learning does not seem to always be superior to classic methods of teaching, like lectures and tutorials [8] .
Therefore, the aim of this study was to compare the learning benefit in the interpretation of different emergency pathologies with cerebral computed tomography (CT) by medical students, who completed an e-learning module or interactive teaching tutorial complementary to their regular curricular education in neuroradiology.
Materials and methods

Study population
Three different student groups were tested in emergency CT: ▪ e-learning group: 38 students (24.9 +-5.6 years; 15 females and 23 males) ▪ interactive teaching group: 29 students (25.2 +-3.7 years; 19 females and 10 males) ▪ control group: 33 students (24.4 +-3.1 years; 15 females and 17 males)
Between May and November 2014, students attended on a voluntary basis after invitation to participate. Qualification to participate was a successfully completed curricular education in neuroradiology at our university medical school no longer than two study semesters ago. The e-learning group attended an additional e-learning module and the interactive teaching group attended an additional teaching tutorial. Both the learning methods and the curricular medical education in neuroradiology are described in detail in the following paragraphs. Participation was anonymous to ensure that test results could not constitute part of the formal assessment of the attending students. Moreover, all study observers were not involved in the curricular grading of the attending students. The study was approved by the local ethics committee (Ärztekammer Hamburg, WF-066/13).
Curricular medical education in neuroradiology
All participating students were enrolled at German University Medical Center Hamburg-Eppendorf for medical studies. They were studying according to the university´s medical curriculum "KliniCuM" ("Klinisches Curriculum Medizin"). For neuroradiological education, "KliniCuM" included two 45-minute lectures and one 135-minute seminar about diagnostic and interventional neuroradiology [9] . Moreover, a 90-minute bedside lesson with emphasis on ischemic stroke and subarachnoid hemorrhage was taught by neuroradiologists [10] . For home studies, students were able to view the online version of a textbook for neuroradiology [11] .
E-learning module
A casebook for emergency CCT was compiled based on the commercially available e-learning platform CASUS [12] . The casebook included 13 CT cases and an introductory chapter, in which the students were taught the basics of emergency CT appraisal. The clear-cut cases were selected by two specialists in neuroradiology (M.G. and J.H.B.). For each case six CT slices were presented in the "brain window" and "bone window" (▶ Fig. 1 ). The casebook also included cases without any pathology. For each case the student was asked if the following pathologies were present: midline shift, epidural hematoma, subdural hematoma, subarachnoid hematoma, intracerebral hemorrhage, hyperdense middle cerebral artery sign, and skull fracture. Once a decision was made, the student was shown the right answers and additional case-based information. Furthermore, pathologies were marked on an answer slice (▶ Fig. 2 ).
Interactive teaching tutorial
The interactive teaching tutorial was a 90-minute tutorial, which included the same cases and introductory chapter as the CASUS e-learning module. In contrast to the e-learning module, the cases were presented using a projector by a tutor. The tutor was not involved in curricular grading of the attending students and was not aware of the test cases mentioned below at the time of presentation to avoid observer-expectancy bias. In dependence on the e-learning module, the tutor asked the students for each case if the following pathologies were present: midline shift, epidural hematoma, subdural hematoma, subarachnoid hematoma, intracerebral hemorrhage, hyperdense middle cerebral artery sign, and skull fracture. In contrast to the e-learning module, the students had the possibility to ask questions and discuss with the tutor whenever they wanted.
Test
The test included nine clear-cut CT cases with different CT findings (▶ Table 1 ). The cases were selected by two specialists in neuroradiology (M.G. and J.H.B.). The time interval between completion of the e-learning module or interactive teaching module was one to two weeks, with all participating students having fulfilled their curricular education in neuroradiology in a period no longer than two study semesters ago.
Questionnaire
All students of the e-learning module group completed a questionnaire, which included five questions about e-learning. The students were asked to score each question using a 6-point Likert scale.
Statistical Analysis
Statistical analysis was performed using Microsoft Excel 2003 (Microsoft, Seattle, USA) and SPSS11.5 (SPSS Inc., Chicago, USA). With the consensus read-out of two specialists in neuroradiology (M.G. and J.H.B.) serving as the standard of reference, the sensitivity, specificity, positive predictive value, and negative predictive value were calculated separately for the seven tested CT pathologies as well as for the three different student groups. Differences between the groups for each CT pathology were tested using chisquare test. A p-value of less than 0.05 was considered to be significant.
Results
Comparison of different learning groups
The sensitivity, specificity, PPV, and NPV in the reference to the control group for different CT findings in different groups are listed in ▶ Table 2 . For subarachnoid hematoma and the hyperdense middle cerebral artery sign, both the e-learning and interactive teaching group showed significantly better performance than the comparison group (p = 0.03 and 0.001 as well as p = 0.001 and < 0.0001, respectively). Regarding the hyperdense middle cerebral artery sign, the interactive teaching group even performed significantly better than the e-learning group (p = 0.04). In contrast to the comparison group, significantly increased diagnostic skills could be observed for subdural hematoma (p = 0.03) and skull fracture (p < 0.0001) in the e-learning group, whereas the last one even showed significantly better performance than the interactive teaching group (p = 0.01). All p-values are listed in ▶ Table 2 .
Questionnaire
More than 95 % of the students awarded a Likert score of 4 points or more regarding the following questions: whether the e-learning module is user-friendly as well as reasonable for medical education, whether the module expanded their knowledge of CT, and if they were interested in completing e-learning modules in other topics in radiology. Only 12 (32 %) students gave a Likert score of 4 or more, when asked if the e-learning module could replace tutorials. The complete results of the questionnaire completed by the e-learning group are listed in ▶ Table 3 .
Discussion
This study compares the learning benefit with regard to the interpretation of different emergency CT pathologies by medical students, who completed an e-learning module or interactive teaching tutorial complementary to their regular curricular education in neuroradiology. Both learning methods showed learning advantages, which were dependent on the different pathologies.
For example, the highest increase in sensitivity/specificity could be found for the detection of a hyperdense middle cerebral artery sign in the interactive teaching group with 95/98 % compared to 56/92 % in the control group. This was even significantly better than the results of the e-learning group (76/98 %). Therefore, the detection of the hyperdense middle cerebral artery sign seems to be a skill, which benefits from additional teaching methods. However, since the selected test cases were clear-cut cases, the sensitivity and specificity would be expected to be lower for the same medical students in a real-world scenario. This is underlined by a recent study in which the diagnostic sensitivity/specificity was much lower (63 %/91 %) for the visual detection of the hyperdense middle cerebral media sign by radiologic physicians for consecutive cases without selection bias [13] . Another pathology for which a significant increase in sensitivity in the interactive teaching group (91 % vs. 61 %) as well as the e-learning group (82 % vs. 61 %, control group, respectively) could be found was subarachnoid hemorrhage. When scans are interpreted by a neuroradiologist or qualified general radiologist, ▶ Table 2 Sensitivity, specificity, positive predictive value, and negative predictive value in reference to control group and statistical differences between the different learning groups for different pathologies. a sensitivity of up to 100 % for the detection of subarachnoid hemorrhage is reported in other studies [14, 15] . An increase in sensitivity for subdural hematoma and skull fracture could be observed for both the interactive teaching group and the e-learning group, but only the e-learning group revealed a significant difference. Subdural hematomas < 3 mm are often difficult to detect on CT scans [16] . This might explain why extensive teaching results in higher sensitivity for detection. Skull fracture seems to be a pathologic CT finding that benefits from extensive teaching, too. Since skull fractures might present as a very subtle finding on a CT scan and differentiation from normal skull sutures could be difficult in some cases, a teaching-based improvement of sensitivity sounds feasible.
Intracerebral hemorrhages with a lesion size of 2 cm or more and epidural hematomas thicker than 5 mm can be detected by CT with very high sensitivity [16] . Since all cases of intracerebral hemorrhage and epidural hematoma that were included in the test were this size or larger, the lack of significant changes for this pathology is not surprising.
Moreover, no significant difference in the detection of a pathologic midline shift on a CT scan could be observed for the e-learning group as well as the interactive teaching group. Because of the symmetrical configuration of the normal brain, detection of an obvious asymmetric configuration, as it could be observed in our cases of midline shift, does not seem to require additional teaching.
The abovementioned results indicate that e-learning is capable of offering learning benefits for some but not all learning content. This is in accordance with the results of the questionnaire, which was completed by students of the e-learning module group. Most of the students answered that the e-learning module expanded their knowledge of CT, but only 32 % stated that the module alone could replace tutorials.
However, besides e-learning, interactive teaching seems to be useful for particular learning content, too. This is in line with recent studies, which evaluated the value of interactive teaching in student´s education [17, 18] . In a study that distributed ques-tionnaires to medical students, interactive case-based discussions were clearly preferred over conventional teaching methods [19] .
Taking these observations together, it would be interesting to develop and evaluate new learning modules that combine e-learning and interactive teaching.
Certain limitations of our study have to be addressed
A major limitation of our study is that students of the e-learning group as well as the interactive teaching group received additional and focused training on CT pathologies that was relevant for the test. Students who only completed curricular education obtained broader knowledge and are expected to have invested less study time. However, our results showed that additional training in the e-learning or interactive teaching group did not significantly increase diagnostic skills for some pathologies like midline shift, epidural hematoma and intracerebral hemorrhage. Therefore, focused training with e-learning or interactive teaching does not seem to be reasonable for all learning content.
As mentioned above, students of the e-learning and interactive teaching group probably spend more time on neuroradiologic topics. Nevertheless, the exact overall learning time invested by the students of the different groups was not recorded, since especially time for self-study would have been very difficult to document.
Another limitation is that the time interval between the completion of the e-learning module or interactive teaching module and the test was very short at only 1 -2 weeks. Thus, no statement about the long-term learning effect can be made. Furthermore, a certain study bias could not be excluded, because the period of time during which the participating students fulfilled their curricular education in neuroradiology was up to two study semesters. It would have been desirable to include only students who had just finished their curricular education in neuroradiology. Indeed, acquisition of a large number of volunteers under this condition would be doubtful.
▶ Table 3 Results of the questionnaire completed by the 38 students of the e-learning group (6- Moreover, as most studies dealing with e-learning in radiology [20] , the evaluation of our e-learning module is based on a questionnaire to score student satisfaction as well as a test after intervention. Therefore, no objective conclusion about a change in performance regarding clinical practice or patient outcome can be made. As mentioned before in the review by Zafar et al., this is a general problem in medical education studies, since this will always be difficult to evaluate [20] .
Furthermore, the variability of intellectual skill and performance of participating students were not evaluated and might therefore have been inhomogeneous in the three different test groups. However, the fact that not all CT pathologies performed better in one group may indicate homogeneous intellectual skills between the different groups. Otherwise, one would expect one group to perform better for all CT pathologies.
Another limitation of our study is that only seven CT pathologies were evaluated. Some important pathologies like loss of grey-white matter differentiation caused by changes of radiolucency due to cytotoxic edema [21] were not part of the e-learning module and interactive teaching tutorial. However, because the target audience was medical students, it was not the goal to include all learning content of a neuroradiology fellowship. Nevertheless, since various training sessions are offered for attending neuroradiologists [22] , it would be interesting to create an additional e-learning module and evaluate it against conventional teaching offerings in the future.
Conclusion
Our study demonstrates potential learning benefits with slightly different advantages for both the interactive teaching group and e-learning module group with respect to reading CT scans. Thus, introduction of new learning methods in radiological education might be reasonable at an undergraduate stage but requires learning content-based considerations.
